This study evaluates the extent to which psychological adaptation (validated measures of depressive symptoms, anxiety, and test-specific distress) after genetic susceptibility testing is influenced by changes in beliefs about Alzheimer's disease (AD) and sharing of test results with others. Adult children of AD patients (N¼269) from a randomized clinical trial involving genetic testing for apolipoprotein E (APOE) provided information before, as well as 6 weeks and 12 months after results disclosure. The levels of adaptation varied highly among participants at 12-month assessment. Participants who learned that they were e4 negative (lower risk) had a reduction in perceived risk and concern about developing AD compared with those who learned that they were e4 positive. Those who received results through an extended educational protocol (three in-person visits) had a larger decline in AD concern than those in a condensed protocol (educational brochure and two in-person visits). Increase in AD concern 6 weeks after disclosure was associated with increase in depression scores (b¼0.20, Po0.01) and anxiety levels (b¼0.20, Po0.01), and higher distress associated with AD genetic testing (b¼0.18, P¼0.02) 1 year after testing. Increase in perceived risk (b¼0.16, P¼0.04) was also associated with higher AD genetic testing distress. Sharing the test results with health professionals and friends (but not family) was associated with decrease in depression (b ¼ À0.11, P ¼ 0.05) and anxiety levels (b¼À0.16, Po0.01), respectively after a year. Enhancing discussion with regard to risks and concerns about AD during pretesting counseling and obtaining support through sharing the results after testing may help facilitate test recipients' longterm psychological adaptation.
INTRODUCTION
Genetic information is increasingly being used in our society to predict individuals' risk levels for disease, to target and tailor preventive health education, and to determine effective treatment strategies. Strongly predictive genetic tests for such conditions as Huntington's disease (HD), hereditary breast and ovarian cancer (HBOC), and hereditary nonpolyposis colorectal cancer (HNPCC) have been used in health-care settings for decades. Although predictive testing for HD provides information on whether a person carries the disease causing mutation, testing for hereditary cancer syndromes have lower predictive values (eg, 70-82% for HBOC 1 and 47-85% for HNPCC 2 ). Genetic susceptibility tests for common complex diseases that have become available more recently have even lower predictive values and provide information on only a modest increase in disease risks. These susceptibility tests are currently considered to have no or little clinical utility, 3 and studies looking at their psychological impacts are limited. However, some of these tests are already available to the public through direct-to-consumer companies 4 even for conditions for which effective treatments are not available (eg, Alzheimer's disease (AD)), underscoring the importance of understanding their impacts on those who choose to undergo such testing.
There is a substantial literature exploring the impact of genetic testing and disclosure of highly penetrant conditions. A review of literature showed that individuals undergoing predictive genetic testing (eg, HD, HBOC, and familial adenomatous polyposis) generally do not show psychological distress. 5 However, psychological distress among some recipients of genetic susceptibility testing for HNPCC has been reported. 6, 7 In a review, Meiser 8 observed differences in the psychological impacts of genetic test results between HNPCC and HBOC, and noted that the impacts may differ depending on the characteristics of the disease (eg, controllability, availability of preventive strategies). As the predictive ability of genetic susceptibility tests for common diseases is much lower compared with the predictive tests, results are likely to have different impacts on individuals.
In all, 30-50% of AD population risk is attributed to genetics. 9,10 Individuals who carry mutations in APP, PS1, and PS2 genes (o2% of AD cases) are almost certain to develop the hereditary form of AD. 11 On the other hand, late-onset AD (498% of cases) usually penetrates after the age of 65 years, and has been linked to a susceptibility gene, apolipoprotein E (APOE). 9 Having one or two e4 alleles (APOE e4+ ) is associated with increased risk of AD (3 times and 8-30 times the population risk, respectively). 9 Use of this test for diagnostic or predictive purposes is not recommended in clinical practice because of the limited predictive values of testing and lack of preventive strategies. Yet, surveys suggest that many people at risk for AD are interested in testing. 12 Recognizing the importance of understanding the impacts of genetic susceptibility tests that are already available to the public, a series of clinical trials have been conducted to investigate the safety and feasibility of providing APOE test results to first-degree relatives of AD patients. 13 Despite the limited clinical utility, the APOE testing exhibits good analytic and clinical validity, providing a context in which the impacts of modestly predictive genetic susceptibility information can be examined. The results from the first trial showed that in a carefully screened population of volunteers and with the support of genetic counselors, there was no serious psychological distress associated with provision of APOE test results. 13 However, the results from the first trial also showed individual differences in psychological responses, 14 with some participants experiencing transient distress after result disclosure.
Cognitive responses to disease information determine how individuals cope with stressful health-risk information and ultimately influence the outcomes of coping processes. 15 Previous studies concerning strongly predictive genetic tests showed that individuals' illness beliefs or cognitions may change after receiving genetic testing, 16, 17 and such illness beliefs were associated with post-test psychological distress. 18 It is possible that beliefs about the illness also change after receiving modestly predictive genetic susceptibility test results, and the extent to which these beliefs change may determine how test recipients cope and adapt.
Communication of test results to family has been reported to be problematic among the recipients of HD-predictive test, 19, 20 and can lead to diminished support 21 or strained relationships within families. 17 If test results are communicated outside the family, there is also a potential for insurance or employment discrimination and stigmatization. 12, 22 On the other hand, communication of the test results with regard to a lower penetrance condition for which preventive strategies are available, HNPCC, has been reported to increase family support, 23 leading to better psychological adjustment among test recipients. 24 Although effective preventive and treatment strategies are not available for late-onset AD, predictive ability of the AD-susceptibility test is considerably lower compared with HD. It may be that recipients of AD-susceptibility testing have less difficulty in communicating the results to others and that such behavior helps them obtain support to facilitate psychological well-being.
This study aims to investigate how changes in AD-related beliefs (ie, perceived risk, concerns about developing AD, and causal beliefs) and communication of test results to others soon after receiving APOE genetic test results (6 weeks) affect long-term changes (12 months) in psychological well-being. It is hypothesized that an increase in risk perceptions (perceived risk, AD concern) and a decrease in perceived control (increase in genetics/heredity and decrease in lifestyle causal attribution) would be associated with an increase in psychological distress, and communication of the test results would be associated with a decrease in distress.
MATERIALS AND METHODS

Participants and procedure
The REVEAL Study is a series of randomized controlled trials that evaluate the feasibility, safety, and psychological impacts and behavioral outcomes of APOE genetic testing among unaffected adults with one first-degree relative affected by AD (developed after the age of 60 years). 13 Table 1 ) in either an extended (in-person education, individual counseling, neuropsychological, and psychological screening, and blood draw; mean length of in-person counseling¼76 min) or a condensed (educational brochure by mail, question and answer session, neuropsychological and psychological screening, and blood draw; mean length of in-person counseling¼33 min) protocol with a genetic counselor or a physician. During the in-person disclosure session, participants were presented with graphs representing AD risks for the general population, first-degree relatives of AD patients, and those with specific genotypes, and were informed about the limitations of these estimates. Detailed information with regard to the development of risk estimates 25 and genetic counseling procedures 26 are explained elsewhere.
After baseline assessment (AD-related beliefs, depressive symptoms, anxiety, and demographic characteristics), follow-up assessments occurred at 6 weeks (AD-related beliefs and communication of test results), and 1 year after disclosure (depressive symptoms, anxiety, and impact of genetic testing). Out of 411 individuals who showed interest in the study and met eligibility criteria, 280 (68%) received genotype-based risk assessment. Participants who provided information at all assessment points and those who identified themselves as white or African American were included in this report (N¼269). Four participants in other racial categories were excluded because of a limited ability to examine their unique reactions to genetic risk information with available data.
Measures
The Center for Epidemiology Studies-Depression Scale (CES-D) 27 was used, and participants who scored higher than the clinical cut point of 16 at baseline were given increased monitoring during the study. Those who scored 427 were excluded. Anxiety symptoms were assessed using the well-validated Beck Anxiety Inventory (BAI). 28, 29 The scores range between 0 and 63 with higher scores reflecting more anxiety. The Impact of Genetic Testing for Alzheimer's disease (IGT-AD) was developed based on a well-established measure, the Multidimensional Impact of Cancer Risk Assessment Questionnaire. 30 This situation-specific IGT-AD was used to measure the psychological impacts of AD genetic susceptibility testing and risk assessment that may not have been captured by the general distress measures (eg, CES-D and BAI). The distress subscale of the IGT-AD (12 items, see Appendix A) showed good validity and reliability. 31 The scores range between 0 and 60 with higher scores reflecting higher levels of distress.
For perceived risk, participants rated belief about their own chances of developing AD during their lifetime on a scale of 0-100%. AD concern was measured using five items adopted from a previous study. 32 Three items assessed the extent to which participants were concerned that they would develop AD, that they would develop it in the next 5 years or at some point later in their lives (1¼'strongly disagree' to 5¼'strongly agree'). Two items Psychological adaptation in genetic testing S Ashida et al asked about their belief that they would someday develop AD and the extent to which participants felt that AD was the worst disease of which they could think. An average of five items was calculated (Cronbach a¼0.67 and 0.60 for baseline and at 6 weeks, respectively). Two items assessed participants' causal beliefs and were considered individually in the analyses (How important is genetics/ heredity or lifestyle in increasing risk of AD?: 1¼'not important' , 3¼'somewhat important' , and 5¼'very important'). 32 At the 6-week assessment, participants were asked 'Have you told anyone the results of your APOE genetic test?' followed by a group of questions, 'Who did you tell about the results of your APOE genetic test: family member, spouse/significant other, friends, health professional?' Age, years of education, gender, race, marital status, presence of long-term care insurance, and past caregiving experience were assessed through selfreport. Indicator variables for age (Z60 years), years of education (Z16 years), race (white), insurance status (have long-term care insurance), and caregiving experience (ever provided care to individual(s) with AD) were created. Genotype status was coded to indicate whether a participant was found to carry at least one APOE e4 allele (positive).
Analysis
Three multiple regression models (CES-D, BAI, and IGT-AD distress) were fitted using SPSS. The demographic variables were evaluated as potential covariates, and those that were significantly associated with changes in one or more psychological outcomes (race and marital status), participants' genotype, and randomization status (extended vs condensed disclosure protocol) were controlled in each model. The models for CES-D and BAI also controlled for the baseline measures. None of the participants previously experienced genetic testing for AD and their baseline levels were assumed to be equal in the IGT-AD model.
Four AD-belief variables (perceived risk, AD concern, causal beliefs for genetics/heredity, and lifestyle factors) were entered in a forward stepwise selection manner controlling for covariates, treating baseline and 6-week change scores as a pair to assess the significance of the changes while controlling for the respective baseline values. Thus, the baseline score was included in the model regardless of its significance if the relevant change score was significant. Significant baseline belief variables were retained even if respective change scores were not significant and removed from the model as this indicates a relative importance of an initial belief compared with change in this belief after receiving the test results. Communication variables were also entered in a forward stepwise selection manner with covariates and significant belief variables. Statistical significance was determined based on a Type I error rate of 0.05, and standardized coefficients are presented in results.
RESULTS
Demographic characteristics of the participants are shown in Table 2 . The average age of the participants was 58.1 years (SD¼10.6) ranging from 33 to 86, and the average years of education obtained was 16.1 years (SD¼2.6) ranging from 3 to 20 years. The average residual lifetime risk estimate provided to participants was 32.6% (SD¼15.86, ranging from 3 to 72%): it was not correlated with participants' baseline perceived risk (r¼0.04, P¼0.54) but correlated with their 6-week reports of perceived risk (r¼0.41, Po0.01). Table 3 presents the descriptive statistics of the psychological outcome variables. The change in CES-D between baseline and 12-month assessments ranged from À24 to 14, with 45% reporting an increase in depressive symptoms and 55% reporting no change or decrease. Twenty-four participants (9%) reported scores higher than the clinical cut point of 16 at 12-month follow-up, and 21 of these 24 individuals had scores below the cutoff at baseline. The change in BAI score ranged from À18 and 22, with 33% reporting an increase. The mean IGT-AD distress score at 12-month assessment was 1.32, ranging from 0 to 17.
Descriptive statistics for the AD-belief and communication variables are shown in Table 4 . The average change in perceived risk of developing AD decreased significantly more among those who received negative (M¼À11.61%) than those who received positive results (M¼À0.94%, t¼À3.28, Po0.001). Those who received negative results also exhibited a significantly larger decrease in AD concern (M¼À0.39) at 6 weeks than those who received positive results (M¼À0.05, t¼À3.85, Po0.001); those who were in an extended disclosure condition exhibited a significantly larger decline in concern (M¼À0.38) compared with those who were in a condensed condition (M¼À0.19, t¼2.04, P¼0.04). Large proportions of the participants shared their results with family members (62%) and spouse or significant others at 6 weeks (52, or 70% of those with a spouse/ partner). In total, 35 and 15% shared with friends and health professionals, respectively. Psychological adaptation in genetic testing S Ashida et al
The final models are presented in Table 5 . An increase in CES-D at the 12-month assessment was associated with higher levels of perceived risk (b¼0.22, Po0.01) and lower levels of causal attribution to genetics/heredity (b¼À0.16, P¼0.01) at baseline, and a short-term increase (6 weeks after the disclosure) in AD concern (b¼0.20, Po0.01). Sharing APOE test results with health professionals was associated with a decrease in CES-D at the 12-month assessment (b¼À0.10, P¼0.05). A short-term increase in AD concern was associated with an increase (b¼0.20, Po0.01) and sharing the results with friends was associated with a decrease (b¼À0.17, Po0.01) in BAI. Baseline AD concern (b¼0.19, P¼0.04) and an increase in concern at 6 weeks (b¼0.18, P¼0.02), along with a short-term increase in perceived risk for AD (b¼0.17, P¼0.04), were associated with higher levels of the IGT-AD distress at 12 months.
DISCUSSION
There were individual differences in the directions and extent to which long-term changes occurred in general psychological (depressive symptoms, anxiety levels) measures and in the levels of situation-specific distress (impact of AD genetic testing) among the participants in this study after they received APOE test results. In all, 9% of the participants who had low levels of depression at baseline reported clinically significant levels 12 months later. Although not clinically significant and it may be attributed to factors other than genetic testing, 33 some additional participants showed an increase in general distress measures (CES-D and BAI) 12 months after receiving the test results.
Participants in this study also reported a wide range of perceived risk for developing AD before undergoing genetic testing. Reported changes in risk perceptions were not only very wide in range but also in different directions (ranging from a decrease of 75% to an increase of 100%) suggesting individual differences in reactions to the genetic susceptibility risk information. Similar to a previous report, 34 risk assessment on the basis of APOE genotype influences disease risk perceptions, as participants in the current study who were identified not to carry the risk version showed more decrease in perceived risk and AD concern compared with those who were identified to carry an e4 allele. Changes in perceived causes of AD were not observed in the current study possibly because of participants believing in the importance of genetics/heredity at baseline as all participants in this study chose to undergo APOE testing, leaving little potential for changes to occur at the 6-week assessment.
Our results suggest that changes in beliefs and perceptions about the disease after the receipt of genetic susceptibility test results may influence how test recipients psychologically adapt over time. An increase in concern about developing AD shortly after receiving the test results was associated with an increase in depressive symptoms and anxiety levels, and higher distress associated with AD genetic testing 12 months later. Efforts to decrease AD concerns during the disclosure session (eg, reiterating the limitations of current risk assessment, using gain/loss framing of information, and highlighting research advances in the development of AD treatment), or tailoring resources to address specific concerns raised by test recipients may be beneficial in facilitating their long-term psychological adjustment. As e4-positive individuals reported more increase in AD concern compared with those who were e4 negative, the former group may especially benefit from additional support and intervention. Participants who were in the extended disclosure condition reported a significant decrease in AD concern, and hence, this may justify the provision of face-to-face pretesting genetic education.
Individuals who hold high levels of perceived risk before AD-susceptibility testing and those who report increase in this perception shortly after results disclosure may experience increase in depression or higher distress associated with APOE testing. An average perceived risk reported by participants at baseline was about 50%, whereas the average risk estimates given to these participants was 32%. Almost 80% of the participants reported higher perceived risk than the risk estimate they received, with 50% overestimating by Z20%. Although the perceived risk at the 6-week assessment became closer to the objective risk estimates provided to participants after testing compared with the perception at baseline, the correlation was only moderate (r¼0.41). Assessing perceived risk before and after individuals undergo genetic susceptibility testing may allow the identification of those who may benefit from additional interventions to move their perceptions toward levels closer to their objective estimated risk. As those who received positive results reported less decrease in risk perception, those who report high-risk perception at baseline and receive positive results can be targeted. Participants who believed genetics/heredity as important causes of AD at baseline to a lesser extent experienced increased depressive symptoms at 12 months. It may be that individuals with less knowledge about the role of genetics were affected more by the new information provided during the study than those who had higher awareness. Research on AD is progressing rapidly, and new potential preventive factors are being identified and evaluated. 35 Providing up-to-date scientific knowledge may help prevent potential psychological consequences of providing genetic susceptibility test results. As hypothesized, talking to a health-care professional about the APOE test result was associated with a decrease in depressive symptoms, and talking to friends was associated with a decrease in anxiety levels over a year following testing. Learning about the condition or obtaining support within social networks can help individuals adapt to threatening personal health events. 36 Sharing test results may have allowed some participants to obtain additional information or social and medical support to facilitate their general adaptation. However, it is important to consider potential negative aspects associated with sharing results with nonfamily members such as limitations in obtaining insurance or employment, 22 as recipients of predictive testing for HD have expressed such concerns. 37 As predictive value of the APOE testing is much lower compared with the test for HD, recipients of APOE testing may face such problems to a lesser extent. However, it may be helpful for genetic counselors to discuss both benefits and consequences of sharing test results during clinical contacts to help individuals make informed decisions. Given that legal protections against genetic discrimination do not cover the longterm care insurance industry, and our previous studies have suggested that individuals use genetic testing to inform insurance purchasing behavior, 38, 39 this domain in particular may warrant discussion. Further studies investigating the content of communication are needed to understand the mechanisms through which interpersonal interactions may influence long-term psychological adjustment.
Communication to family and/or spouse was not significantly associated with psychological outcomes in this study. This may partly be due to low variability in responses among the participants (79% communicated). However, it may also be because disclosing genetic risk information to family members has positive and negative consequences that are different from disclosing to nonfamily members. Disclosing test results allows individuals to inform their family members of their risks and encourage preventive behaviors if available. 19, 40, 41 At the same time, it may cause distress among family members if the condition is threatening, highly penetrant, and/or no effective preventive strategies are available (eg, HD). 20, 42 Like HD, lateonset AD is a threatening neurodegenerative disorder without effective preventive strategies. However, the penetrance of AD in persons who are e4 positive is considerably lower and this may explain the nonsignificant impact of sharing results with family members in this study. Future studies would benefit by distinguishing different types of family members (eg, biological and nonbiological kin) to help decipher differential reasons for communication as well as distinct benefits and consequences of results sharing that may influence psychological adaptation of genetic susceptibility test recipients.
A majority of participants in this study were highly educated, limiting the generalizability of the results to a larger population. However, this study included 20% African-American participants, which is notable because of the general underrepresentation of this population in the field of genetic research. Assessments in this study were conducted through self-report. The reliability of one of the variables, AD concern, was rather low (r¼0.67 and 0.60), potentially influencing its observed importance in the models. The results of this study should be interpreted while considering these limitations.
CONCLUSIONS
As the use of genetic susceptibility testing for common diseases increases, preventing unwanted psychological impacts of genetic information becomes important. This is especially important when tests are already available to the public and address conditions such as AD for which no effective preventive or treatment strategies are available. Such genetic test results need to be provided with appropriate interventions to minimize negative impacts. The findings of this study suggest the benefits of assessing individuals' illness beliefs such as perceived risk and concern about developing the disease before and after providing a genetic-testing service, and developing tailored interventions that address these beliefs to facilitate psychological wellbeing of test recipients. Further studies are needed to identify other potential ways to prevent psychological distress among genetic susceptibility test recipients. This study showed that sharing test results with others may help facilitate psychological adaptation. Further research to investigate the potential mechanisms of these associations (eg, obtaining informational and emotional support) would be needed to inform future interventions.
